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X-rays diffraction Supporting information available online at http://www.thieme-connect.de/products Pongamia pinnata L. (Fabaceae) or Karanj is a perennial, multipurpose, medium-sized leguminous tree, also well known for its traditional and pharmacological properties with an efficient remedy for human health problems. Seed oil of Karanj contains 5-6 % of flavonoids such as karanjin, kanjone, pongaglabrone, and pongapin, out of which the main constituent is karanjin. Karanjin, a furanoflavonoid (3-methoxy-2-phenylfuro [2, 3-h] chromen-4-one), is the main constituent of Karanj seeds, possessing various important biological attributes. Its isolation and extensive characterization will definitely be helpful in understanding its mode of action in various aspects of pharmacology and therapeutics.
A number of studies have been carried out regarding the structural elucidation of bioactive compounds of which Raman spectroscopy, based on molecular vibrations, is emerging as an important nondestructive and useful analytical tool for biologic materials, including whole bacteria because of the high specificity and high resolution [1] . Earlier work on the isolation and purification of karanjin indicates that it is a challenge to achieve the compound in high purity due to its labile nature [2, 3] . This article mainly focuses on the isolation and structural characterization of karanjin. Techniques involved in this study are UV-Visible, FTIR, HRMS, FESEM, XRD, NMR, Raman spectroscopy, and TGA. Finally, an in vitro study of the antibacterial action has been studied using the microbroth dilution assay, Raman spectroscopy, and electron microscopy. The effect of karanjin on the pathogenic bacteria was assessed by measurement of cell leakage and vibrational modes using Raman scattering. The results clearly demonstrated the in silico and in vitro antibacterial action of karanjin against pathogenic bacteria. A compound was isolated from the ethyl acetate crude extract by column chromatography using a hexane-ethyl acetate eluent system. The compound was purified and the R f value of the compound was found to be 0.44 in the hexane-ethyl acetate (85 : 15) eluent system. After crystallization, the colorless needle-shaped crystals with a melting point of 158°C were obtained. The process of recovery through crystallization was very efficient in achieving a yield of pure crystals up to approximately 2 %. The mass of the compound was confirmed by the HRMS having a molecular formula of C 18 H 12 O 4 (l " Fig. 1 ). The m/z of the isolated compound in the positive mode [M + H] + was 293.0879 ( Fig. 1 S, Supporting Information) and the exact molecular mass was 293.0808, which matched well with the reported mass value of karanjin [2] . To ascertain the purity of karanjin isolated in this study, analytical HPLC was performed [4] . The compound showed a retention time of 17.68 min and 98% purity when compared with standard karanjin (99%, Sigma-Aldrich) ( Fig. 2 S , Supporting Information). The relative standard deviation for the retention time and peak area was less than 0.04 % and 1.24 %, respectively. Earlier reports with regards to karanjin isolation from the seeds varied from 1 to 1.5% depending upon the geographical site of collection with a maximum purity of 80% as evaluated by HPLC [3] . In the current study, the pure compound has been achieved by a single extraction step followed by purification with selected adsorbent and appropriate solvents during chromatography. Karanjin was validated and confirmed by various types of spectroscopy, viz., FTIR ( [9] . The Raman spectrum of pure karanjin crystal along with the DFT calculation were carried out with Gaussian 09 software at the B3LYP/6-311 G (D, P) level [5] . DFT frequencies below 1500 cm were scaled by a factor of 0.98 to provide the best fit to the spectrum. These scaled theoretical wavenumbers are in perfect agreement with the experimental values of pure karanjin crystal as shown in l " Fig. 2 All these observed peaks in the Raman spectrum of karanjin matched well with three flavonoids, chrysin, apigenin, and leutin, and some flavones [10, 11] . A few other additional peaks at 1022, 1341, and 1438 cm −1 are due to the CH vibration in the furan ring and are in close agreement with DFT calculations. The physicochemical parameters of karanjin were determined by using OSIRIS Property Explorer [12, 13] . A molecular docking study has also been undertaken to screen the possible target of action of karanjin among common target sites of bacteria [14, 15] . Further, the antibacterial activity of karanjin has been evaluated by the microbroth dilution assay and Raman spectroscopy against SA and ETEC at its MIC values (l " Fig. 3 ). The antimicrobial effectiveness is thought to come from flavonoids for their abilities to form complexes with both extracellular and soluble proteins as well as bacterial membranes. The activity of karanjin could be due to the presence of a hydrophilic substituent in the furan and flavonoid moieties, which is very important for antimicrobial effects [16] [17] [18] [19] [20] [21] . Raman spectroscopy provided a fingerprint region below the wavenumber of 1800 cm −1 , which reflects detailed information about the composition of bacterial cells [22] . A high-intensity peak at 1007 cm −1 was observed due to C-C stretching of the aromatic ring. Furthermore, another intense peak signal was observed at 1525 cm −1 , which can be attributed to pigments of the carotenoid family, and at 1162 cm
, due to the presence of C-C along with a few smaller bands [1] . The bands at 1598 cm −1 and 1320 cm −1 in SA are assigned to phenylalanine and guanine, respectively [23] . Moreover, SA and ETEC bacterial cells after treatment with karanjin signify cell lysis with a sharp decline in almost all prominent peak intensities. The bacteria SA and ETEC were examined by FESEM to observe morphological changes caused by treatment with karanjin. FESEM images of untreated SA and ETEC showed an intact, smooth cell surface with defined cell features (l " Fig. 4 A, E), whereas shrinking, membrane disintegration, and prominent damage of the cell wall was observed in bacterial cells treated with the compound (l " Fig. 4 B-D, F-H) . These findings indicate that karanjin caused the lysis of SA and ETEC by degrading the bacterial cell wall and affecting the cytoplasmic membrane [17, 24] . Letter THIEME
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Plant material
The plant material used in the current study was seeds from an earlier characterized candidate plus tree (CPT) individual of Karanj, North Guwahati Pongamia pinnata 46 (NGPP 46) [25] .
Isolation
Dried powdered seeds were subjected to a hot solvent in a Soxhlet apparatus using ethyl acetate in a ratio of 1 : 6 (wt./vol).
To isolate karanjin, ethyl acetate crude extracts (2 g) were subjected to column chromatography on silica gel (80 g, 60-120 mesh, 3 × 60 cm glass column) and the compound was eluted gradually with an increasing polarity of hexane-ethyl acetate two-phase eluent systems.
Characterization and structural elucidation
Raman spectroscopy: The Raman spectrum of the pure isolated crystal was recorded by a Horiba model LabRAM HR spectrometer in the back scattering mode using an Argon-ion laser at a wavelength of 514 nm as the excitation source at room temperature and the signals were taken at specific wavenumbers (200 to 2000 cm −1 ) [10] .
Density functional theory: Recorded experimental data from micro-Raman and FITR were correlated with the reference to DFT (B3LYP/6-311 G (D, P) calculations using Gaussian 09 software [5] to determine the vibrational and rotational modes in the sample.
Antibacterial property
Bacterial strains: The antibacterial activity of the isolated compound was evaluated against two bacteria, viz., Staphylococcus aureus, SA (ATCC 6538) and Escherichia coli enterotoxic, ETEC (MTCC 723). All the tested bacteria were grown and maintained on nutrient agar (NA) as described earlier by [25] . Antibacterial study by Raman spectroscopy: Characterization of the bacterial cells before and after exposure of the compound was also performed on gram-positive bacteria, SA and gram-negative bacteria, ETEC using Raman spectroscopy. Untreated bacterial cells were used as a negative control. About 3 mL of bacterial cultures at the exponential growth phase (10 6 CFU/mL) were centrifuged at 3000 rpm for 5 min. Cells were washed and suspended in sterile distilled water. After that, the sample was put onto the coverslip and allowed to dry at 37°C and then the spectrum was recorded for changes in the intensity and shift in the Raman spectrum [24] .
FESEM
FESEM was used to visualize the changes in the morphology of the SA and ETEC cells before and after treatment with karanjin. Untreated bacterial cells were used as negative control. The bacterial samples were washed with 50 mM phosphate buffer solution (pH 7.2), fixed with 2.5 % glutaraldehyde in PBS and rinsed with the same buffer. The specimen was dehydrated in ascending grades of ethanol concentrations ranging from 30 % to 100%, coated with gold and then analysed through FESEM (Carl Zeiss, Ultra 55) as described in detail previously by Ghosh et al. [26] .
Statistical analysis
All experiments were set up in a completely randomized design and repeated thrice with a minimum of three replicates. The statistical analysis was carried out using SPSS Statistics 17.0.
Supporting information
HRMS, HPLC, FTIR, NMR, XRD, FESEM, and TGA data of karanjin as well as in silico predictions of the drug likeness property, docking studies, and determination of MIC by the microbroth dilution assay are available as Supporting Information.
